INTRODUCTION
The interaction of sound with porous media has many practical applications and a long history. Porous media are ideal sound absorbers for use in architectural acoustics and anechoic chambers. The porous nature of the earth's surface and ocean bottoms can greatly influence the propagation of sound in the air and oceans. An example of the diverse uses of sound propagation in porous media comes from our laboratory, where we recently used measurements and theory for sound propagation in the porous ground to determine physical parameters that are related to the agricultural suitability of the soils investigated. The rectangular pore model is compared to attenuation and phase velocity measurements. The ceramic porous samples used in the experiment consisted of nominally straight capillary tubes having square cross sections. These low flow resistivity, high porosity samples may be useful for low-frequency sound absorption. A more thorough description of the porous samples and experimental technique is given in Sec. II. Comparison of theory and experiment is discussed in Sec. III.
A general theory for arbitrary pore shape 8 was developed by introducing a scale factor known as the dynamic shape factor to scale between different pore geometries. The limiting cases for this scaling factor are circular pores and parallel slits. The limiting cases of rectangular pores are square pores and parallel slits, which give rectangular pore theory a wide range of applicability. The dynamic shape factor for square pores is frequency dependent, just as it is for parallel slits. 8 A discussion of the dynamic shape factor for square pores is given in Sec. IV.
I. PROPAGATION IN RECTANGULAR PORE MEDIA
Sound propagation in a single rectangular capillary tube is developed first. The acoustic field in the pore is specified to first order in the acoustic variables. Boundary conditions at the pore wall are that the walls are rigid and thus the total particle velocity is taken as zero. Due to the high heat capacity and thermal conductivity of the pore wall, the temperature of the fluid in the pore at the boundary is taken to be the same as the pore wall. We do not assume any internal mean flow. 9 The single-pore theory is then used to develop the theory for a porous material consisting of an array of rectangular capillary tubes possibly having a slight longitudinal curvature or tortuosity.
A. Acoustical disturbances in a single rectangular capillary tube
The coordinate system shown in Fig. 1 To make rapid progress, denote the z component of the particle velocity vz by Vz (x,y,z) F(x,y;X ) dp• (z) = . kOp o dp • ( z ) 
Eliminatingpl from the continuity and state equations (17) and (18) Three different square pore media were investigated. Table I lists characteristics of each. In Table I Table I for the 200-and 400-pores/in. 2 material, for which the pore cross-sectional shape is well approximated as a square. However, due apparently to differences in the manufacturing process, the pores of the 300-pores/in. 2 samples were not well approximated by a square shape. Two opposite corners of the otherwise square shape were rounded. The semiwidth ofa = 0.50 mm listed in Table I for ence between the propagation constants calculated with these theories.
v. CONCLUSION
We have developed a model for porous media consisting of rectangular pore capillary tubes. We accounted for viscous and thermal dissipation. A series solution was obtained for the transverse variation of the longitudinal velocity and the excess temperature. A measurement technique using frequency domain analysis of short pulses propagated through high porosity, low flow resistivity samples was developed for determining propagation constants. Propagation constants were measured for a ceramic porous media having straight capillary tube openings with square cross sections. Use of an anomalous tortuosity factor q = 1.1 resulted in favorable agreement among experimental and theoretical values of the propagation constants. It was argued that the nonunity tortuosity value was due to the finite porosity of the ceramic pore walls. A dynamic shape factor n = 0.97 was suggested as the radius scaling factor for square and circular pore theories for the frequency range (200-1300 Hz) and pore sizes (0.50-0.77-mm semiwidth square pores) of this investigation. Future work will involve an investigation of the anomalous tortuosity and propagation ½onstaiit IiicasuIeCIiiCII[S Oil longer samples.
